A Gram-stain-negative, strictly aerobic, non-motile bacterium, designated strain S2-C T , was isolated from an estuary sediment in South Korea and subjected to a polyphasic taxonomic investigation. Cells were catalase-and oxidase-positive rods without gliding motility. Growth of strain S2-C T was observed at 15-40 8C (optimum, 30 8C), at pH 5.5-9.0 (optimum, pH 6.5-7.5) and in the presence of 0-7.0 % (w/v) NaCl (optimum, 0-2 %). Only ubiquinone-8 (Q-8) was detected as the isoprenoid quinone and iso-C 16 : 0 , iso-C 15 : 0 , summed feature 9 (comprising iso-C 17 : 1 v9c and/or C 16 : 0 10-methyl), iso-C 11 : 0 , iso-C 11 : 0 3-OH and iso-C 14 : 0 were found to be the major cellular fatty acids. Strain S2-C T contained phosphatidylethanolamine, phosphatidylglycerol and diphosphatidylglycerol as the major polar lipids. The G+C content of the genomic DNA was 63.8 mol%. Phylogenetic analysis, based on 16S rRNA gene sequences, revealed that strain S2-C T formed a distinct phyletic lineage within the genus Lysobacter. Strain S2-C T was most closely related to Lysobacter daejeonensis GH1-9 T with 97.1 % 16S rRNA gene sequence similarity and the DNA-DNA relatedness value between strain S2-C T and the type strain of L. daejeonensis was 45.7¡2.2 %. On the basis of the phenotypic, chemotaxonomic and molecular features, strain S2-C T clearly represents a novel species of the genus Lysobacter, for which the name Lysobacter aestuarii sp. nov. is proposed. The type strain is S2-C T (5KACC 18502
The genus Lysobacter as a member of the family Lysobacteraceae of Gammaproteobacteria was first proposed by Christensen & Cook (1978) , but it was reclassified as a member of the family Xanthomonadaceae by Saddler & Bradbury (2005) . At the time of writing, the genus Lysobacter comprises 30 species with validly published names (http:// www.bacterio.net/lysobacter.html), including the recently described species Lysobacter terrae (Ngo et al., 2015) , Lysobacter caeni (Ye et al., 2015) and Lysobacter novalis (Singh et al., 2015) . The genus Lysobacter accommodates Gram-negative and aerobic, rod-shaped bacteria with high G+C contents (61.7-70.7 mol%) and variable gliding and flagellum-induced motilities (Christensen & Cook, 1978; Weon et al., 2006; Park et al., 2008; Romanenko et al., 2008; Ten et al., 2009; Wang et al., 2009; Srinivasan et al., 2010; Liu et al., 2011; Zhang et al., 2011; Luo et al., 2012; Wei et al., 2012) . In addition, all members of the genus Lysobacter are negative for urease activity and indole production and contain ubiquinone 8 (Q-8) as the predominant respiratory quinone, iso-branched fatty acids as the major fatty acids and diphosphatidylglycerol, phosphatidylglycerol and phosphatidylethanolamine as the major polar lipids. Most species of the genus Lysobacter except for a few, which were isolated from aquatic habitats (including Antarctic freshwater, wastewater treatment sludge and a deep-sea lake sponge), have been generally found in terrestrial soil (Bae et al., 2005; Romanenko et al., 2008; Fukuda et al., 2013; Ye et al., 2015) . A putative novel species of the genus Lysobacter, designated strain S2-C T , was isolated from estuary sediment, which is not a terrestrial habitat, and here we report on its taxonomic position derived from a polyphasic characterization.
An estuary sediment sample was obtained from an estuary (368 569 41.610 N 1268 599 27.120 E) in Asan, South Korea and strain S2-C T was isolated using a previously described procedure with some modifications (Jeong et al., 2013) . Briefly, the sample of estuary sediment was serially diluted with PBS buffer (137 mM NaCl, 2.7 mM KCl, 10 mM Na 2 HPO 4 , 2 mM KH 2 PO 4 ; pH 7.2), spread on R2A agar (Difco) and incubated aerobically at 30 8C for 5 days. The crude genomic DNA was extracted from colonies grown on R2A agar using Chelex-100 (Bio-Rad) and their 16S rRNA genes were PCR-amplified using the universal primers, F1 and R13, as described previously (Jeong et al., 2013) . The PCR amplicons were double-digested with Hae III and Hha I and representative PCR products showing unique fragment patterns were partially sequenced using the F1 primer. The resulting sequences were compared with those of validly reported type strains available in the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . From the analysis, a putative novel strain belonging to the genus Lysobacter, designated S2-C T , was selected for further taxonomic characterization. Strain S2-C T was routinely cultured aerobically on R2A agar at 30 8C for 1 day, unless otherwise stated, and stored at 280 8C in R2A broth supplemented with 15 % (v/v) glycerol for long-term preservation. Lysobacter daejeonensis KACC 11406 T , Lysobacter concretionis KCTC 12205 T and Lysobacter enzymogenes KCTC 12131 T were used as reference strains for the comparison of phenotypic properties and fatty acid compositions and for DNA-DNA hybridization experiments.
The 16S rRNA gene of strain S2-C T was cloned into the pCR2.1 vector using a TOPO cloning kit (Invitrogen) according to the manufacturer's instructions and sequenced using the M13 reverse and T7 primers of the TOPO cloning kit at Macrogen (Korea). The similarities of the resulting 16S rRNA gene sequence (1467 nt) with those of type strains with validly published names were evaluated using the Nucleotide Similarity Search program (Kim et al., 2012) . The 16S rRNA gene sequences of strain S2-C T and closely related type strains were aligned using the fast secondary-structure aware Infernal aligner of the Ribosomal Database Project (Nawrocki & Eddy, 2007) . Phylogenetic trees based on the neighbour-joining (NJ) and maximum-parsimony (MP) algorithms were reconstructed using PHYLIP software (ver. 3.695; Felsenstein, 2002) and tree topologies were evaluated through bootstrap analyses based on a 1000 resampled dataset. Maximum-likelihood (ML) analysis with bootstrap values was performed using RAxML-HPC BlackBox (version 8.1.24) available in the Cyber-Infrastructure for Phylogenetic Research project (CIPRES, www.phylo.org; Stamatakis et al., 2005) . DNA-DNA hybridization between strain S2-C T and the type strain of L. daejeonensis (KACC 11406 T ), showing more than 97.0 % 16S rRNA gene sequence similarity, was reciprocally performed in triplicate using the DIG High Prime DNA Labelling kit (Roche Applied Science), as described previously (Lee et al., 2011) .
Comparative analysis, based on 16S rRNA gene sequences, revealed that strain S2-C T was most closely related to L. daejeonensis GH1-9
T with a 97.1 % sequence similarity. Phylogenetic analysis using the NJ algorithm indicated that strain S2-C T formed a distinct phyletic clade within the genus Lysobacter (Fig. 1) . Phylogenetic trees reconstructed using the MP and ML algorithms also supported strain S2-C T forming a phylogenetic lineage within the genus Lysobacter. The level of DNA-DNA relatedness between strain S2-C T and the type strain of L. daejeonensis was 45.7¡2.2 %, below the 70 % threshold generally accepted for species delineation (Stackebrandt et al., 2002) , which suggests that strain S2-C T could be a novel species of the genus Lysobacter.
Growth of strain S2-C
T was assessed at 30 8C for 1 day on R2A agar (BD), laboratory prepared Luria-Bertani (LB) agar, nutrient agar (NA, BD), marine agar (MA, BD) and tryptic soy agar (TSA, BD). Growth of strain S2-C T was tested in R2A broth at different temperatures (5-45 8C at 5 8C intervals) for 3 days and at different pH values (5.0-10.0 at intervals of 0.5 at 30 8C) for 3 days. R2A broth media with pH values below 8.0 and pH 8.0-10.0 were prepared using Na 2 HPO 4 /NaH 2 PO 4 and Tris/HCl buffers, respectively (Gomori, 1955) and the pH values were adjusted again after sterilization (121 8C for 15 min), when values were changed. Growth at different NaCl concentrations [0-8 % (w/v) at 1 % intervals] was assessed in R2A broth, which was prepared in the laboratory according to the BD formula. Gram-staining was tested using a Gram-stain kit (bioMérieux) according to the instructions of the manufacturer. Anaerobic growth was assessed on R2A containing nitrate [0.2 % (w/v) NaNO 3 ] or nitrite [0.2 % (w/v) KNO 2 ] at 30 8C for 20 days under anaerobic conditions [with 4-10 % (v/v) CO 2 ] using the GasPak Plus system (BBL). Cell morphology and the motility of strain S2-C T were investigated using TEM (JEOL; JEM-1010) and phase-contrast microscopy with cells grown on R2A agar at 30 8C for 1 day. The catalase and oxidase activities of strain S2-C T were determined from the production of oxygen bubbles in 3 % (v/v) aqueous hydrogen peroxide solution and from the oxidation of 1 % (w/v) tetramethyl-p-phenylenediamine (Merck), respectively (Smibert & Krieg, 1994) . The following properties of strain S2-C T and three reference strains were investigated in parallel under the same conditions at 30 8C: the hydrolysis of Tween 20, Tween 80, gelatin, casein, starch, tyrosine and aesculin was checked on R2A agar according to the procedures described previously (Lányí, 1987; Smibert & Krieg, 1994) ; additional enzyme activities and biochemical features were tested using API ZYM and API 20NE kits (bioMérieux), respectively, according to the manufacturer's instructions, except that cells resuspended in 0.85 % (w/v) NaCl were used as inocula.
Strain S2-C T grew well on R2A agar, LB agar, NA, MA and TSA (optimum, R2A agar). Cells were Gram-stain-negative, nonmotile rods (0.4-0.6 mm in width61.0-2.0 mm in length) producing extracellular polysaccharides (Fig. S1 , available in the online Supplementary Material). Anaerobic growth was not observed after 20 days of incubation. The phenotypic characteristics of strain S2-C T are presented in the species description and compared with those of type strains of closely related species of the genus Lysobacter in Tables 1 & S1 . Most properties of strain S2-C T , such as the absence of flagella and urease activity, growing strictly aerobically, oxidaseand catalase-positive activities and indole production were in accordance with those of other related species of the genus Lysobacter, while the absence of gliding motility and the inability to reduce nitrate allowed the differentiation of strain S2-C T from other related species of the genus Lysobacter (Table 1) . The isoprenoid quinones of strain S2-C T were analysed by an HPLC system (model LC-20A, Shimadzu) equipped with a reversed-phase column (25064.6 mm; Kromasil, Akzo Nobel) and a diode array detector (SPD-M20A; Shimadzu) using methanol-2-propanol (2 : 1, v/v) as eluent (1 ml min 21 ), according to the procedure described previously (Komagata & Suzuki, 1987) . For the analysis of cellular fatty acids, strain S2-C T and three reference strains were cultured in R2A broth at 30 8C and their bacterial cells were harvested at the same growth phase (exponential phase, OD 600 50.8). The cellular fatty acids were methylated and extracted using the standard MIDI protocol and the resulting fatty acid methyl esters were analysed using gas chromatography (Hewlett Packard 6890) based on the TSBA6 database in the Microbial Identification System (Sherlock ver. 6.0B; Sasser, 1990) . The DNA G+C content of strain S2-C T was determined by the fluorometric method (Gonzalez & Saiz-Jimenez, 2002 ) using a real-time PCR thermocycler and SYBR Green I (Bio-Rad). The polar lipids of strain S2-C T were analysed by two-dimensional TLC using exponentially grown cells, as described by Minnikin et al. (1977) . The following spray reagents were used for the detection of different polar lipids: 10 % (w/v) ethanolic molybdophosphoric acid (for total polar lipids), ninhydrin (for amino lipids) and Dittmer-Lester reagent (for phospholipids).
Only ubiquinone-8 (Q-8) was detected as the respiratory lipoquinone in strain S2-C T . Phosphatidylethanolamine, diphosphatidylglycerol and phosphatidylglycerol were identified from strain S2-C T as the major polar lipids and an unidentified phospholipid and an unidentified lipid were also detected as the minor polar lipids (Fig. S2) , which is almost consistent with other members of the genus Lysobacter 
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Rhodanobacter lindanoclasticus LMG 18385 T (AF039167)
Lysobacter daecheongensis Dae08 T (AB249682)
Lysobacter korlensis ZLD-17 T (EU908051)
Lysobacter ginsengisoli Gsoil 357 T (AB245363)
Lysobacter antibioticus DSM 2044 T (AB019582)
Lysobacter gummosus KCTC 12132 T (AB161361)
Lysobacter capsici YC5194 T (EF488749)
Lysobacter soli DCY21 T (EF623862)
Lysobacter panacisoli CJ29 T (JQ806748)
Lysobacter niastensis GH41-7 T (DQ462462)
Lysobacter enzymogenes DSM 2043 T (AJ298291)
Lysobacter oryzae YC6269 T (EU376963)
Lysobacter aestuarii S2-C T (KT583751)
Lysobacter defluvii IMMIB APB-9 T (AM283465)
Lysobacter spongiicola JCM 14760 T (AB299978)
Lysobacter concretionis Ko07 T (AVPS01000017)
Lysobacter arseniciresistens ZS79 T (AVPT01000055)
Lysobacter daejeonensis GH1-9 T (DQ191178)
Lysobacter caeni BUT-8 T (KJ008918)
Lysobacter ruishenii (19.0 %), summed feature 9 (comprising iso-C 17 : 1 v9c and/or C 16 : 0 10-methyl, 14.5 %), iso-C 11 : 0 (11.6 %), iso-C 11 : 0 3-OH (9.3 %) and iso-C 14 : 0 (5.3 %). The overall fatty acid profile of strain S2-C T was similar to those of the reference species of the genus Lysobacter, but there were some differences in the respective fatty acid proportions ( Table 2 ). The DNA G+C content of strain S2-C T was 63.8 mol%, which is in the range of the DNA G+C contents (61.7-70.7 mol%) of species of the genus Lysobacter with previously published names (Table 1 ). In conclusion, the phylogenetic inference and the physiological and biochemical properties of strain S2-C T support its assignment to a novel species of the genus Lysobacter, for which the name Lysobacter aestuarii sp. nov. is proposed.
Description of Lysobacter aestuarii sp. nov.
Lysobacter aestuarii (ae.stu.a'ri.i. L. gen. n. aestuarii of an estuary, isolated from esturary sediment).
Colonies on R2A agar are deep-yellow-cream, circular, convex and smooth. Cells are Gram-stain-negative, strictly aerobic and non-motile rods (0.4-0.6 mm wide|1.0-2.0 mm long); gliding motility is not observed. Produces extracellular polysaccharides. Growth occurs at 15-40 uC (optimum, 30 uC), pH 5.5-9.0 (optimum, pH 6.5-7.5) and 0-7 % (w/v) NaCl [optimum, 0-2 % (w/v)]. Oxidase-and catalasepositive. Hydrolyses gelatin, casein and aesculin, but not Tween 20, Tween 80, tyrosine or starch. Nitrate is reduced to nitrite, but nitrogen gas is not produced. Alkaline phosphatase, esterase (C4), leucine arylamidase, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase and N-acetyl-b-glucosaminidase activities are positive. Esterase lipase (C8) and valine arylamidase activities are weakly positive. Indole production and urease, arginine dihydrolase, lipase (C14), crystine arylamidase, trypsin, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, a-mannosidase and a-fucosidase activities are negative. Assimilation of D-glucose, N-acetylglucosamine and D-maltose are weakly positive, but assimilation of L-arabinose, (Christensen & Cook, 1978; Bae et al., 2005; Ten et al., 2009; Wang et al., 2009; Ngo et al., 2015) . All strains were positive for the following characteristics: oxidase, catalase, hydrolysis* of casein and gelatin and the activity* of alkaline phosphatase, esterase (C4), leucine arylamidase and acid phosphatase. All strains were negative for the following characteristics: flagellum motility, hydrolysis* of starch, indole production*, activity* of a-galactosidase, b-galactosidase, b-glucuronidase, a-mannosidase, a-fucosidase, urease and arginine dihydrolase, assimilation of potassium gluconate, capric acid and phenylacetic acid. +, Positive; 2, negative; W, weakly positive; NA, not available. Lysobacter aestuarii sp. nov.
D-mannose, D-mannitol, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid are negative. The only isoprenoid quinone is Q-8. The major cellular fatty acids are iso-C 16 : 0 , iso-C 15 : 0 , summed feature 9 (comprising iso-C 17 : 1 v9c and/or C 16 : 0 10-methyl), iso-C 11 : 0 , iso-C 11 : 0 3-OH and iso-C 14 : 0 . The major polar lipids are phosphatidylethanolamine, diphosphatidylglycerol and phosphatidylglycerol.
The type strain is S2-C T (5KACC 18502 T 5JCM 31130 T ), isolated from estuary sediment in Asan, South Korea. The DNA G+C content of the type strain is 63.8 mol%.
Lysobacter capsici sp. nov., with antimicrobial activity, isolated from *Summed features represent groups of two or three fatty acids that cannot be separated by GLC with the MIDI system. Summed feature :1, iso-C 15 : 1 H and/or C 13 : 0 3-OH; 2, C 12 : 0 aldehyde and/or unknown; 3, C 16 : 1 v6c and/or C 16 : 1 v7c; 8, C 18 : 1 v7c and/or C 18 : 1 v6c; 9, iso-C 17 : 1 v9c and/or C 16 : 0 10-methyl.
